This study aims to demonstrate the value of experiencing historical buildings through the digital game-based learning method. A three-dimensional computer game was developed to assess the digital game-based learning method as a supportive hypermedia tool in architectural education. The computer game features interactive game missions that enable students to get a close-up experience of the buildings. As part of the study, an experiment was conducted comparing the digital game-based learning method against other traditional methods in learning about historical buildings. The results of the study show that the digital game-based learning method can serve as a support for lecturing on historical buildings to help improve students' learning experience.
Introduction
The field of architecture is largely identified with the idea of designing new buildings. However, in architecture, the preservation of historical buildings is as important as the building of new structures. Historical buildings provide important information about the social life and architectural style of the era in which they were built. It is therefore important to preserve these buildings to ensure this information can be passed down to future generations first hand. The best way to protect an historical building is to raise awareness about their historical value and importance, as people tend to be more willing to protect what they consider to be valuable. The preservation of historical buildings is also important insofar as it allows the spatial effect of the buildings to be experienced on-site in person as opposed to simply reading about this effect in books or imagining it by looking at pictures. Taking a tour of the building offers the best opportunity to experience this.
However, in some circumstances, the preservation of an historical building may be beyond reach; for instance, a building may no longer exist or be partially demolished. 1 In other circumstances, a historical building may be too far away and therefore too expensive to visit, or even if capable of being reached, entering the building may be prohibited or dangerous because of dilapidation.
Another challenge involved in teaching about historical buildings is, as in other educational fields, attracting student interest and attention to the subject. With the predominance of the use of technological devices, such as smartphones, tablets, and watches, in daily life, today's students tend to have relatively short attention spans. The pace of daily life has to a great extent been set by technology, the effect of which is reflected in the fast-paced nature of today's society, where attentiveness and focus are the casualties of the need for speed. As technology advances at such a high speed, education systems have struggled to keep up. 2, 3 Traditional education tools alone are unable to provide an adequate level of efficiency.
Games function as the most entertaining mode of learning. All creatures in nature start learning through games. "Games have very important educational functions." 4 Group games, especially, serve to help younger persons obtain experiences about life and learn how to socialize. With the spread of computer technologies, digital games have grown to become indispensable entertainment tools of the present era. Accordingly, game-based learning studies have shifted toward the digital world. Digital games are extremely prevalent among young people in particular. Anyone who is interested in technology is sure to have played video games at least once. 5 The fact that digital games are so widely played among children and young people has made them attractive for use as supportive hypermedia tools in education, just like traditional games.
The game-based learning projects have advanced since 1960s. The first studies were cardboard-based architectural games. The most popular cardboard games in architecture education are CLUG (Community Land Use Game) and INHABS (Instructional Housing and Building Simulation). 6 CLUG was developed by Allan Feldt of Cornell University back in 1965 to teach students the design process of cities. INHABS was created by Cedric Green in 1970 by re-interpreting CLUG on a neighborhood scale. Both games are urbanscaled design games, wherein Lego logic is used. With the advancements in computer technologies, beside traditional games, digital games have also begun to be used as a learning tool in architectural education. There are various studies which intend to integrate digital games to architectural education, from cultural heritage 7, 8 and from design, 9 to negotiation and collaboration. 10, 11 It is a fact that "an increasing number of freshmen have significant computing skills, yet university architecture programs contribute little in developing such skills into sound and extensible knowledge." 3 For this reason, these studies should be become prevalent.
Digital games have the potential to integrate computer technologies to architecture programs to increase motivation and interest of these well-skilled students. 12 As digital games have a relatively low cost and do not pose any danger, companies and/or state institutions have used them to educate their personnel in specific fields. 13, 14 Equipped with features like missions, competition, and winning, games help to direct students' attention to the subject being taught and provide them the opportunity to learn while having fun. [15] [16] [17] For example, in games that have missions to complete, students can improve their observation, discovery, and focusing abilities. 18 Digital computer games provide students the opportunity to learn by doing and facilitate an enjoyable learning experience within a compressed time frame 19, 20 and aim to encourage students to explore, try, and understand by playing an active role in the learning process. 21 
Methods
This study was developed as a digital game-based learning (DGBL) approach in higher education to help architecture students learn about historical buildings in an entertaining way through a virtual environment. For the study, a three-dimensional (3D) first-person computer game (Escape from Haunted Building), featuring a basic puzzle-solve/thriller-type scenario, was developed to present a historical Greek Bathhouse to architecture students (Figure 1 ).
Escape from haunted building
By the impression of the Roman Empire, the bathing was an important ritual for both Greek and Turkish nations in history; the architecture of bathhouses was highly advanced in Anatolia. Those buildings provide large amounts of important information about the architectural styles and cultures of their periods. A historical Greek bathhouse in Safranbolu was chosen as the location of the game. Safranbolu is a World Heritage city in northern Turkey, and a "crossroad city" of Turkish and Greek cultures. The building is located in the Krandaros (Kıranköy) district of Safranbolu where the Greek population mainly settled during the rule of the Ottoman Empire. The building consists of two sections. The main section is bath section, built in a Greek stone masonry style. The half-timber construction section is the "cold area" (soyunmalık), in which users would prepare to bathe. Besides its architectural, cultural, social, and iconic value, the bathhouse was chosen for its special rooms and architectural details.
Although the bathhouse had been all but ruined, a conservation process started in 2006, and it was completely restored. The restoration of the bathhouse was carried out by Dr Aysun Özköse and approved by the Conservation Council of Karabük. In this study, these approved projects were used to create a realistic measured 3D model of the bathhouse. The building was modeled in Blender using these technical drawings ( Figure 2 ).
The graphical user interface of the game was developed with Blender, an open-source 3D creation suite. 22 The program supports the 3D modeling, rigging, animation, rendering, compositing, simulation, and game creation. 23 In the first stage of creating the game, a user interface was developed to provide users the capability of controlling the main character with keyboard functions and mouse. A mesh box was added to the game scene for the player body, and a camera was added as a child object of the mesh box to serve as the player's eyes. Next, the game controls were determined to direct the character's motion. For their ease of use, traditional first-person shooter game controls were chosen, where the "W" key was made to indicate move forward, "S" key to move backward, "A" key to strafe left, "D" key to strafe right, and "E" key to use interactive objects, such as info boxes, tools, and doors.
A ghost and a creature model, acquired from an open-source 3D character library, were added to the game as evil characters. The motions of these characters, such as moving and charging, were created in Blender's Motion Editor (Figure 3 ), while the artificial intelligence of these characters was coded via Python language in code editor. 
Game scenario
The game features a basic puzzle-solving scenario. According to the scenario, three architecture students go to a bathhouse for their survey project. Students were separated to finish their work faster. Two students work outside of the bathhouse, and one of the students enter the bathhouse to shoot interior photographs. At the bathhouse, strange things suddenly start to happen. The entrance door closes shut, and the main character of the game is now stuck inside the building.
She realizes that in order to escape, she needs to complete the missions and solve the mystery of the building. In solving the mystery and completing the missions, she must deal with the ghost of the bathhouse and other creatures. The story revolves around the main character's escape from the haunted building.
Game missions
There are total of 10 main missions in the game, with several minor missions included within the main ones. Players receive scores according to the missions they manage to successfully complete. This scoring system was added in order to create a competitive environment for the students to feel motivated.
Giving a person the opportunity to do a task is the most effective way of teaching them how to do it. 24 The primary objective in developing the game missions was to provide the students the chance to experience certain tasks in an entertaining way as opposed to having them only listen to a lecture or observe pictures. The missions were aimed at training students on special architectural functions of the bathhouse.
Various mysterious objects were dropped in various rooms of the bathhouse to arouse curiosity. When these objects are found, the students must work out how to use them themselves. Such, the students could find some matches in boiler room. If they realize that they can light the furnace of the bathhouse in the boiler room with these matches, they can achieve that mission. So, they can learn where the furnace exactly located in the bathhouse and how it worked and heated the bathhouse through doing it, instead of simply listening to how it would have been done. Rather than directly feeding information to the students during the missions in the game, one of the aims of the game was for students to experience the building themselves by evaluating the clues provided. Certain characteristics of the building, which were meant to be learned, were incorporated within the missions as mysteries required to be solved. In this way, the students would have to discover these characteristics by thinking and questioning and thereby acquire understanding based on their own experiences.
For example, in a mission, a mysterious character asks the player to solve a mystery by providing them with clues about the decoration used on the dome in the temperature-control section. There are two skylight domes in the hammam, and two similar decorations are used for both domes (Figure 4) . However, one of these domes could be restored in line with its original, as it was not completely demolished, while the other had been reconstructed, with clear signs indicating that certain features had been added at a later time and incorporated into the original, which is a commonly used technique in restoration.
In order to find out which one is being referred to, the player must compare two decorative styles and interpret their similarities or differences by utilizing his or her knowledge from prior lessons. In this way, the student will have to attempt to discover which decorative style conforms to the original structure using his or her own deductive reasoning skills.
Participants
The participants were randomly selected from the Architecture Department at Karabük University in Northern Turkey. In total, 45 volunteer undergraduate students who had never attended a lecture on the building in question before took part in the experiment. The volunteers were gathered in a classroom and informed about the research. The participants were then separated into three groups of equal size, with the separate groups being designated as "game," "field," and "classroom." A pre-experiment test was administered to all groups to measure their current knowledge about the building in question. Every question had a value of 10 points, and the maximum value of points a student could gain was 100.
The mean scores obtained by the game group, field group, and classroom group were 10.67 (standard deviation (SD) = 10.50), 11.33 (SD = 15.06), and 12.00 (SD = 8.41), respectively. The test of homogeneity of variances showed that all groups were separated homogeneously (p = 0.208). According to the Tukey's honest significant difference test, it was confirmed that the difference between the groups was insignificant (p = 0.987, p = 0.947), as shown in Table 1 .
Experiment
The experiment aimed to compare the success rates of the three methods applied separately on the three groups. The first method was the game method (the 3D computer game developed for this study). The second method was a traditional experiment method (visiting the building in the field). Finally, the third method was the traditional teaching method, which was administered in the classroom.
In the first step of the experiment, a lecture on an historical bathhouse was presented in the classroom using traditional course materials, such as books, lecturing notes, and slide shows. Architectural and technical details of the building were explained by comparing them to details from other buildings, and the different periods that the building had gone through were discussed in detail. The field group visited the Historical Greek Bathhouse as part of the traditional visit method. The lecturer explained and pointed out, on-site, each of the architectural details of the historic bathhouse, room by room, to the participants, as is done in traditional field lessons ( Figure 5 ).
The game group met together in a computer laboratory and was briefly trained in how to play the game ( Figure 6 ). After undergoing basic training, the students played the computer game.
A final post-experiment test of 15 questions was administered to compare the mean scores of the groups. The questions were categorized under three main categories to measure the success rates of the DGBL method in different architectural areas. These categories were architectural details, building construction, and architectural style. There were six cultural heritage category questions on the test, which were chosen on the basis of the cultural values and unique architectural details present in the building, such as the ornamentations, reliefs, wall paintings, skylights, and stained glassed windows. There were five building construction category questions selected on the basis of the technical details of the building, such as the materials, construction types, stairs, installations, and roofs. Finally, there were four architectural style questions, chosen on the basis of the spaces, rooms, and their functions in the building.
Challenges of game development
The researchers have encountered various challenges when attempting to integrate digital computer games to architectural education. The first challenge is financial limitations. The game development process needs huge manpower and technical platforms which means vast sum of money. It also needs a multidisciplinary team work because this process contains various technical works such as modeling, coding, rigging, and animating. Achieving all of these works alone is not possible in many cases. Another challenge researchers encountered in this regard is the difficulty of developing digital games which refer to a wide range of interest area in architectural education. Therefore, it is required to create a new game (or level) for each specific project since most of the games are site-specific. It is hard to reuse them in other cases.
It is thought that open-source philosophy could be a solution for these challenges. In other words, the open-source projects enable to get support of the world-wide volunteer developers who are already expert on their own field. Another advantage of the open-source projects is forking. Forking is a method by which people could develop their projects through using default open-source projects. A developer has an opportunity to improve an existing project which serves his or her idea instead of creating a new one from scratch. Thereby, it provides great savings in terms of labor force and costs. Figure 7 shows the comparison of the mean success rates between the game group, the field group and the classroom group. The results show that the post-test scores of all groups were higher than their pre-test scores.
Results
A multiple comparison (Tukey's honest significant difference) test was conducted to compare the mean scores of the groups. The post-test scores of the game group (M = 70.87, SD = 10.34) were higher than those of the field group (M = 56.07, SD = 11.68) and the classroom group (M = 34.93, SD = 15.34), as shown in Table 2 . According to the test results, the difference between the game group and the field group was significant (p = 0.007), and the difference between the game group and the classroom group was also significant (p = 0.000).
These results confirm that the game really does have an effect on experiencing historical building. Specifically, the results suggest that when students played the game, they obtained more knowledge about the building. Table 3 shows the comparison of the mean scores between the three groups in terms of the cultural heritage category questions. The mean score of the game group (M = 33.07, SD = 5.95) was significantly (p = 0.005) higher than that of the field group (M = 22.93, SD = 10.63) and that of the classroom group (M = 15.6, SD = 7.68). The mean difference between the classroom group and the field group was determined to be insignificant (p = 0.052).
This, therefore, indicates that the students who had played the game obtained more knowledge about the cultural heritage category than others. It seems that the digital game provided the projected success in this category.
The field group had higher mean scores (M = 16.40, SD = 5.62) than those obtained by the game group (M = 11.80, SD = 6.72) and the classroom group (M = 10.00, SD = 7.99) in the construction building category ( Table 4) . The difference between the field group and the classroom group was significant (p = 0.037), while the difference between the field group and the game group (p = 0.169) was insignificant. Furthermore, according to the test results, the difference between the game group and the classroom group was also insignificant (p = 0.753).
Although the game group became more successful than the classroom group in this category, the projected success rate was not provided. The results show that the field group students obtained more knowledge about the building construction category than both of the game and classroom groups. It is recognized that the game group did not gain significant knowledge about this category. These results also confirm that the digital game needs more development in building construction category. In the architectural style category, the mean score of the game group (M = 26.00, SD = 3.21) was significantly (p = 0.000) higher than that of the field group (M = 16.80, SD = 5.39) and that of the classroom group (M = 9.33, SD = 6.96), as shown in Table 5 . The difference between the mean scores of the field group and the classroom group was significant (p = 0.001).
This, therefore, indicates that the game group obtained more knowledge about the architectural style category than other groups. The digital game provided the projected success in teaching architectural style of the historical building.
Discussion and conclusion
The experiment revealed that providing students with the opportunity to play with and be entertained by interactive hypermedia tools "enriches and broadens both the scope of activity and scope of thinking." 25 The digital games are efficient hypermedia tools for giving students the opportunity to learn about historical buildings. The DGBL method has great potential for use in various courses of architectural education. Using these tools to support traditional learning methods can serve to enrich the content of the class. 26 These tools are efficient in drawing the attention of students to the subject at hand. The students were excited and motivated by the fact that they had the opportunity to have fun and explore the building, just as if they were playing a computer game. It was observed that they had no trouble in using the program because most of them were familiar with computer game controls. The game group students were found to be particularly successful in the activities involving achievement of the missions. However, in the building construction category, the game group was found to be unsuccessful, the results of which could possibly be attributed to the failure of adequately converting the technical details of the building into the game format. Due to time constraints, most of the technical details of the building were unable to be modeled as interactive objects.
The usage area of the digital games in architectural education is not limited with the experiencing historical buildings. They have also a great potential to help architectural students improve their professional skills. 27 Computer technologies can be used as a modern, effective method in teaching both old and new production techniques in an applied way. The 3D computer simulations and digital games help practically to teach construction techniques with the help of virtual reality technology. Also in the teaching of restoration techniques, these technologies have great potentials. Students can learn the special techniques of restoration during playing game with virtual reality glasses, as if they are inside the structure. In the preparation of the students for professional life, the architectural processes such as the operation of a construction site, the completion of a building from design to construction, and the relationship between the architecture and customer can be easily imitated by digital games, as is done in CLUG and INHABS.
This article reinforces the view that students can gain valuable educational knowledge and experiences through digital environments which are normally associated only with entertainment. According to test results, the digital game had a significant success rate in terms of how well the students learned about historical buildings and was also found to be more effective than traditional lecturing methods. The interactive user interface of the game had an important role in this success. The game missions, which had the dual advantage of being able to teach the students as well as entertain them, helped them to explore the building in a highly efficient manner.
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